Sequence of cowpea chlorotic mottle virus RNAs 2 and 3 and evidence of a recombination event during bromovirus evolution.
The genomic sequence of cowpea chlorotic mottle virus (CCMV) was completed by sequencing biologically active cDNA clones of CCMV RNA2 (2774 bases) and RNA3 (2173 bases). While only the central core of the encoded 94-kDa CCMV 2a protein contains features conserved among known and putative RNA replication proteins from many viruses, both flanking regions of CCMV 2a show substantial similarity to the corresponding protein of the related brome mosaic virus (BMV). The 3a proteins of CCMV and BMV, implicated as contributors to the distinct host specificities of the two viruses, show lower levels of conservation but are still discernibly related throughout. Major differences occur in the organization of noncoding sequences in CCMV and BMV RNA3. With respect to an otherwise similar region preceding the BMV 3a gene, the CCMV RNA3 5' noncoding sequence contains a clearly bounded 111-base insertion that must reflect a sequence rearrangement in evolution of at least one of the two viruses. The presence of a subgenomic promoter-like sequence near the end of the novel CCMV sequence makes the organization of genes in CCMV RNA3 reminiscent of the 3' end of tobacco mosaic virus RNA, suggesting that CCMV or its 3a gene might have been derived from an ancestor with fewer genomic RNAs. Sequence similarities between the CCMV and BMV RNA3 intercistronic regions include the subgenomic mRNA promoter and an oligo(A), but not an intercistronic segment required for BMV RNA3 amplification, implying that replication signals on the two RNA3s may be organized quite differently.